Geographic variation in cranial shape was examined in 20 samples of the echimyid rodent Thrichomys apereoides from northeastern, central, and southeastern Brazil. Canonical variate analysis and a dendrogram based on geometric shape descriptors revealed 2 groups of populations diagnosable by features of cranial shape and geographic continuity. The observed morphological discontinuity between the 2 groups of populations corresponds with a gap in sampling of T. apereoides, as represented by the museum series used. A positive, significant relationship between morphological and geographic distances was found among populations within each of the 2 groups but not between populations in the 2 groups. The indirect, statistical approach suggests that discontinuity in cranial shape in T. apereoides results from historical processes of differentiation rather than from an artifact caused by a gap in the available samples.
The genus Thrichomys (family Echimyidae, subfamily Eumysopinae) is currently thought to contain a single valid species, T. apereoides (Woods 1993) . Originally, several taxa were described as distinct species of the genus currently known as Thrichomys, but later workers accorded these taxa subspecific status (Cabrera 1961; Moojen 1952; Vieira 1955) , apparently without any conceptual rationale to support the hypothesis of conspecificity. Indeed, all descriptions of nominal taxa in this genus are brief and based on limited information about pelage color and morphological features. In * Correspondent: sfreis@unicamp.br addition, published data on geographic range of each nominal form is often restricted to type localities.
A few recent studies, however, have described geographic variation in morphological and genetic systems in T. apereoides. For example, Leal-Mesquita et al. (1993) surveyed chromosomal variation in population samples of T. apereoides from 5 localities on a regional scale in the state of Bahia (latitude 10Њ25ЈS-13Њ00ЈS) and found 2 chromosomal forms that differed in diploid and fundamental number. Molecular variation has also been documented on a larger geographic scale (Lara et al. 1996) .
These authors have reported substantial levels of sequence divergence in the cytochrome b gene in 3 individuals sampled across a 2,000-km range (9Њ23ЈS-20Њ27ЈS) in the states of Alagoas, Bahia, and Mato Grosso do Sul. Significant craniometric differentiation was found between populations in the state of Bahia (11Њ15ЈS-12Њ31ЈS) and populations from other localities in northeastern Brazil (3Њ41ЈS-9Њ22ЈS-Von Zuben et al. 1998 ). On the basis of their findings, both Leal-Mesquita et al. (1993:650) and Lara et al. (1996:407) suggested that more than 1 species may be present under the name T. apereoides.
The above studies are important because they demonstrated substantial morphological and genetic variation at regional and broader geographic scales. However, because the same localities were not sampled in all studies, it is not possible to search for concordant patterns of geographic variation. Such information is necessary in order to assess historical levels of differentiation within and between populations. This, in turn, provides the conceptual basis for identification and definition of boundaries of evolutionary units in nature at the specific or infraspecific level (Patton and da Silva 1998; Smith 1990, 1994) . This lack of relevant information suggests that it may be unwise at this point to judge the taxonomic and systematic status of T. apereoides.
A preliminary, perhaps more productive, course is to describe the patterns of geographic variation within and among populations and to search for morphological cohesion and geographic continuity. This approach was used in our companion paper (dos Reis et al. 2002) where the formalism of geometric morphometrics served to assess the nature and extent of geographic variation in skull shape among populations of T. apereoides, sampled from a geographic area encompassing northeastern, central, and southeastern Brazil. The geometric approach was suited to the study of geographic variation, and descriptors of shape showed that each view of the skull (dorsal, ventral, and lateral) had characteristic variability (dos Reis et al. 2002) . The lateral view of the skull was the most informative and revealed 2 groups of populations that were identifiable by their cranial shape and geographic continuity. Our work (dos Reis et al. 2002) was conducted using museum series in which the samples are, as is often the case, discontinuous and uneven over geographic space.
An important question that emerged from our findings (dos Reis et al. 2002) was whether the 2 groups of populations of T. apereoides, revealed by geometric analyses of the lateral view of the skull, are the result of a morphological discontinuity in cranial shape, which may be attributable to historical processes of differentiation, or are a result of sampling gaps, given the uneven distribution of samples available in the museum series. In this paper this question is addressed indirectly using statistical analyses within the framework of the samples available and the results derived from our companion paper (dos Reis et al. 2002) . The relevance of our findings to the taxonomy and systematics of T. apereoides is also briefly considered.
MATERIALS AND METHODS
Samples.-Specimens examined are housed in the mammal collections of the Museu Nacional, Rio de Janeiro, Brazil. All specimens of T. apereoides analyzed were adults, as defined by Moojen et al. (1988) on the basis of patterns of dental eruption and wear. Samples used in this study represent collecting sites in northeastern, central, and southeastern Brazil (Fig. 1) . Coordinates and sample sizes are given in Appendix I. Museum catalog numbers for specimens are given in dos Reis et al. (2002) .
Morphological landmarks.-Landmarks, assumed to be homologous, were defined for the lateral view of the skull of T. apereoides (see dos Reis et al. 2002 for definition of landmarks; Fig. 2a ). Each skull was placed parallel to the focal plane under a Pixera (Pixera Corporation, Los Gatos, California) digital camera system, and the x-and y-coordinates of each landmark for the lateral view of the skull were obtained using tpsDig software (F. J. Rohlf, http: //life.bio.sunysb.edu/morph).
Geometric morphometrics and multivariate statistical analyses.-Methods of geometric morphometrics and canonical variate analysis with parametric bootstrap used here are described in detail in dos Reis et al. (2002) . Briefly, 22 partial warps, which describe changes in shape on localized scales (Rohlf 1996) , were computed for the lateral view of the skull (the uniform component did not contribute to observed pattern of variation in cranial shape and was not included in the analysis-dos Reis et al. 2002) . These geometric descriptors were used as derived shape variables in canonical analyses, and 95% confidence regions were computed from the simulation of 1,000 replicate data matrices obtained by parametric bootstrap (dos Reis et al. 2002) . Partial warps were projected onto the first 2 canonical axes, which explained the largest amount of variation, to display the pattern of ordination of geographic samples of T. apereoides. This provided a 2-dimensional projection of the original space of 22 partial warps. To gain further insight into the relationship between geographic origin of the population samples and their cranial shape, Mahalanobis D distances (Mardia et al. 1979:31) were computed for pairwise comparisons of population centroids in the complete multivariate space defined by 22 partial warps. Mahalanobis D distances for the lateral view of the skull were clustered by unweighted pair-group method of averages (Rohlf 1994; Sneath and Sokal 1973) .
The rationale and methods described in de Queiroz and Good (1997) were used to assess, indirectly, whether the 2 groups of populations revealed by canonical variate analysis in the companion paper (dos Reis et al. 2002) were the result of a morphological discontinuity or of the pattern of sampling across the range of localities examined here. This approach is fully explained later.
RESULTS
Our companion paper (dos Reis et al. 2002) shows that of the 3 views of the skull, the lateral view was the most informative in terms of defining morphologically cohesive and geographically continuous groups of populations (Fig. 2) . The 1st canonical axis identified 2 groups of populations on the basis of cranial shape parameters: 1 group included population samples from localities 1-13 in the states of Ceará, Paraíba, Pernambuco, and Alagoas in northeastern Brazil and the other included samples from localities 14-20 in the state of Bahia in northeastern Brazil and the states of Minas Gerais and Goiás in southeastern and central Brazil, respectively ( Figs. 1 and 2) .
Mahalanobis D pairwise distances between population centroids were clustered by the unweighted pair-group method of averages (Sneath and Sokal 1973) , and 2 major clusters were observed: 1 including samples from localities 1-13 and the other samples from localities 14-20 (Figs. 1 and  3) . The 2 clusters of populations show geographic continuity and have an underlying commonality in cranial shape, as seen from the canonical variate analysis of partialwarp scores (Figs. 1-3) . The only result not anticipated in the 2-dimensional projection of the canonical axes was the greater differentiation of population 18 from Serra da Mesa, predicted by its larger value for the Mahalanobis D distance (Figs. 2 and 3) . The lateral view of the skull, therefore, does provide clear evidence for the existence of 2 groups of populations, and this pattern of variation is regarded here as the most representative for T. apereoides throughout the geographic region sampled in this study. These 2 groups of populations will, for convenience, be referred to hereafter as northern (localities 1-13) and southern (localities 14-20) groups.
DISCUSSION
A question that emerges from these results is whether the 2 groups of populations identified on the basis of canonical variate analysis of partial warps and unweighted pair-group method of averages clustering of population centroids represented differentiated morphological geographic units within the taxon currently recognized as T. apereoides. This question must take into consideration the pattern of geographic sampling of the populations (de Queiroz and Good 1997). The samples of T. apereoides used in this study were discontinuous and uneven in geographic space. The samples had a more even distribution over a region from southern Ceará to northern Alagoas, whereas samples from Bahia, northern Goiás, and northern Minas Gerais were more unevenly distributed (Fig. 1 ). Between these 2 major regions there is a gap in sampling of about 400 km, which corresponds with the morphological discontinuity in cranial shape observed between the 2 groups of populations (Figs. 1-3 ). Consequently, with the samples currently available, it is not possible to determine conclusively whether the observed morphological difference is evidence for the existence of 2 geographically distinct morphological units of T. apereoides.
Insight into this question may be attempted by examining the relationship between morphological similarity in cranial shape between pairs of populations and their geographic distribution based on localities sampled (de Queiroz and Good 1997) . This in- direct approach is based on the null expectation that pairs of populations that are farther apart in geographic space are morphologically more dissimilar; therefore, there should be a positive relationship between morphological distance between any 2 populations and geographic distance separating these populations. This expectation of isolation-by-distance was originally derived for defined genetic systems under a prescribed geometry of population connectedness in a space of given dimensions (Kimura and Weiss 1964; Wright 1943) .
Based on samples used in this study and on pattern of morphological variation, which suggests the existence of 2 groups of populations (Figs. 1-3 ), the following is proposed. If a positive relationship exists between morphological and geographic distances among populations within the northern and southern groups, and if the same relationship holds for pairwise comparisons between pairs of populations in the 2 groups, then the 2 groups of populations arose solely as a consequence of the nonuniform geographic sampling of localities. If borne out, this pattern of morphological variation would suggest the existence of a single, morphologically continuous unit. On the other hand, if there is a positive relationship between morphological and geographic distances among populations within the northern and southern groups, but not between northern and southern group populations, then the morphological differentiation in the groups separated by the sampling gap is not related to the geographic distances separating the populations in these groups. This scenario would suggest that the 2 groups of populations might indeed be 2 differentiated geographic units.
The Mahalanobis D distances between sample centroids for pairwise comparisons between populations within northern and southern groups, and between samples in northern versus southern groups, were plotted against geographic distances (Fig. 4) . There was a positive relationship between the morphologic distance measured for any 2 populations and the geographic distance separating them for comparisons between populations within northern (Fig. 4a ) and southern groups (Fig. 4b) . No such trend was seen for comparisons between northern versus southern group populations (Fig. FIG. 5. -Distribution of 2 geographic units of T. apereoides identified by canonical variate analysis of shape variables and unweighted pair-group method of averages dendrogram of Mahalanobis D distances derived from lateral view of the skull. Localities are numbered as in Fig. 1.   4c ). Mantel's nonparametric test for correlation between matrices (Manly 1985; Rohlf 1994 ) computed for data shown in Figs. 4a and 4b indicated a significant, positive relationship between geographic and morphologic distance for comparisons between populations within northern (r ϭ 0.5941, P ϭ 0.0002) and southern groups (r ϭ 0.7369, P ϭ 0.023). The result for the comparison between northern and southern groups of populations was nonsignificant (r ϭ 0.0931, P ϭ 0.379).
These results suggest that whereas morphological differentiation among populations within northern and southern groups follows a pattern of isolation-by-distance, there is no such simple relationship between closeness of populations in geographic space and extent of morphological differentiation in cranial shape between populations in the 2 groups of populations. Thus, the 2 groups of populations may represent the result of a morphological discontinuity in cranial shape and not an artifact attributable to geographic gap in sampling.
In other words, the 2 groups of populations most likely represent 2 morphologically differentiated geographic units that share morphological cohesion in cranial shape and geographic continuity (Fig. 5) .
The level of differentiation and degree of isolation between the 2 presumptive geographic units cannot be verified at this point and will require sampling of populations in the intervening area between northern and southern groups of populations. This assertion is based on availability of suitable habitat for T. apereoides in this area. T. apereoides is associated with rocky habitats (Mares et al. 1985; Streilein 1982) , and absence of samples from the intervening area may be attributable to a lack of such habitats. However, the association between T. apereoides and rocky habitats is apparently not universal because samples from Jaíba (in the state of Minas Gerais) were collected in Cerrado habitats entirely devoid of rocks or boulders (L. M. Pessôa, pers. comm.).
It remains to be determined whether T.
apereoides occurs in the intervening area and whether such populations will be morphologically intermediate in cranial shape to the 2 groups of populations. This information will be of paramount importance for understanding the patterns and processes of differentiation in T. apereoides throughout the region sampled in this study. Without such information, efforts to define specific or infraspecific units based on observed hierarchical patterns of variation (i.e., monophyly or diagnosability species concepts Baum 1992; Cracraft 1997; de Queiroz and Donoghue 1988; Nixon and Wheeler 1990; Wheeler and Meier 2000) or on inferred reproductive or cohesive processes (Hey 2001; Mayden 1997; Templeton 1989 Templeton , 1998 ) may prove fruitless. Any such attempt at present would probably produce nomenclatural changes that would fail to reflect the true diversity that exists within T. apereoides. Our companion paper (dos Reis et al. 2002) and the present study demonstrate that observed morphological discontinuity among geographic populations of T. apereoides is associated with localized changes in skull shape. Different views of the skull (dorsal, ventral, and lateral) are not equally informative about geographic structuring of variation in cranial shape. The lateral view of the skull proved the most informative, and geometric analysis revealed 2 geographic morphological units within the taxon currently understood as T. apereoides in the area sampled in this study. The discontinuous nature of samples available precludes any attempt to define the systematic status of the geographic units uncovered. Future efforts must include more regular and uniform geographic sampling of populations, particularly in the area between the northern and southern groups of populations and in the region associated with the population from Serra da Mesa in the state of Goiás, which displayed marked differentiation in dendrogram based on unweighted pair-group method of averages. Evidently, sampling will have to include the entire range of T. apereoides. This information, coupled with detailed descriptions of morphological, chromosomal, and molecular variation on local and geographic scales should shed light on patterns and processes of differentiation in T. apereoides.
RESUMO
Foi examinada a variação geográfica na forma do crânio em 20 amostras do roedor equimídeo T. apereoides do nordeste, centro e sudeste do Brasil. Análise de variáveis canônicas baseada em descritores geométri-cos de forma revelaram 2 grupos de populações que podem ser diagnosticados por aspectos da forma do crânio e por continuidade geográfica. A descontinuidade morfológica entre os 2 grupos de populações coincide com a lacuna nas amostras disponíveis de T. apereoides. Uma relação positiva e estatisticamente significativa foi encontrada entre as distâncias morfológicas e geográficas para as populações dentro de cada um dos 2 grupos, mas não entre as populações nos 2 grupos. A análise estatís-tica sugere que a descontinuidade na forma craniana em T. apereoides é resultado de processos históricos de diferenciação e não de um artefato causado pela lacuna nas amostras disponíveis.
